Within the field of technology education, evaluating technical solutions is considered as an important topic. Research indicates that pupils have difficulties in evaluating technical solutions in terms of fitness for purpose, i.e. how effective a technical solution supports its intended function. By using the learning study, which is an iterative and collaborative research approach, the study explores the capability to evaluate technical solutions in terms of fitness for purpose, what it takes to know it and how to best enhance its learning in the primary technology classroom. Audio and video recorded interviews, teachers' meetings and lessons are the base data for the study. A contribution of the study is the understanding of this specific knowing, and what is critical for learning and thus to an improvement of technology teaching practice.
Introduction
The capability to evaluate technical solutions is highlighted by several authors as an important educational outcome within technology education (Barlex 2011; Coles & Norman 2005) . It is considered essential as an analytical tool for making design decisions and for interpreting existing technological objects and systems. This capability is also advocated in technology curriculum documents across the world. According to the Swedish technology curriculum of 2011 (National Agency for Education, Sweden 2011), which forms the background for this study, the teaching of technology should include giving pupils possibilities to develop knowledge about technology in everyday life. This knowledge is described more precisely in terms of the ability to identify and analyse technical solutions based on their function, i.e. what they do, and fitness for purpose; in other words, how effectively they support their intended functions. Another example is the New Zealand technology curriculum, which highlights the evaluation of technical solutions in terms of fitness for purpose, including physical and functional aspects (Ministry of Education, New Zealand 2007).
The limited amount of empirical research done in this area of technology education indicates that evaluating the fitness for purpose of technical solutions entails certain difficulties (Compton & Compton 2011; Oboho & Bolton 1991) . However, what one has to know in order to be able to evaluate the fitness for purpose of technical solutions is not self-evident. Developing teaching of certain target areas in systematic ways (Nuthall 2004) requires an explication of the meaning of knowing. Moreover, in order for students to develop the specific ways of knowing (Carlgren 2007 ) of a target area (in this case technical solutions' fitness for purpose), the teaching must be planned to make it possible for students to experience and discern what is critical for learning.
Several scholars argue that research on technology education should focus on how teachers teach, and how students learn, and the relationship between teaching and learning (Johnson & Daugherty 2008; Jones, Buntting & de Vries 2011; McCormick 2004; Wilson & Harris 2003) . The involvement of teachers as research partners is also highlighted (Benenson 2001; Jones et al. 2011; Merrill 2004) as one way of translating research into practice, and thereby contributing to breaking down barriers between the academic field and practice.
The aim of this article is to explore what it means to be able to evaluate the fitness for purpose of technical solutions. Through the collaborative and iterative research approach learning study, we explore what is critical for pupils' learning about the evaluation of technical solutions and how this learning can be enhanced by teaching in the primary technology classroom.
Evaluating technical solutions
Technical objects are man-made constructions in order to perform certain functions. These functions are closely linked to human intentions and activities. Technical objects are thus physical objects on the one hand, and intentional objects on the other; they have both a 'physical nature' and a 'functional nature ' (de Vries 2005; Kroes 2002 ). In the user context, it is mainly the object's function in relation to the realization of the goal or purpose that is in focus; how the object is put together and how it works is of minor importance. From the engineering perspective, however, emphasis lies on how to construct a physical object that realizes or performs a certain function.
In this article, I will use the word 'construction' to denote how a technical object is made in order to achieve specific functions. The philosophical concept 'physical nature' of an object or system includes "physical properties, such as size, shape, colour, weight, smell, chemical composition, etcetera" (de Vries 2005, p.18), denoting excessively extensive aspects of technical solutions. The word 'design' (as a noun) is used in the engineering and designer context in various ways, such as denoting "the style, form and other properties an object has been given" (Granath 2005, p.145) , and the plans from which the object is built (Vincenti 1993) . Moreover, in the technology educational context, the design takes aesthetic and marketing domains into consideration, besides the constructional, i.e. "how it is put together", and the technical domains describing "how it works" (Barlex 2007, p. 52) . The word 'construction', which is used in the Swedish technology curriculum, includes these constructional and technical areas. The construction can also be understood in relation to 'structural rules', underpinning the assembly and the interaction of the components of a technical object or system (Ropohl 1997 ) and the 'fundamental design concepts' in the framework of Vincenti (1993) ; the 'operational principle', i.e. "how its characteristic parts … fulfil their special function in combination to an overall operation which achieves the purpose" of the device (Polyani in Vincenti 1993, p. 208 ) and the 'normal configuration', i.e. "the general shape and arrangement that are commonly agreed to best embody the operational principle" (Vincenti 1993, p. 209) . Here the word 'construction' is used to offer a more technically focused picture of technical objects and systems that will hopefully be of practical use as tools when analysing and evaluating technical solutions from this point of view in the technology classroom.
Technical objects and systems are thus designed, developed and produced to achieve specific functions. These functions can be divided into a main function, which corresponds to the primary need that the object or system must satisfy, and secondary functions, i.e. other functions that are appropriate to consider (Landqvist 2001) . The functions are often described in terms of criteria that the object must meet, and the results in terms of technical solutions have several alternatives of which some fulfil the function better than others. For example, some materials are better suited than others for use in a particular object in order to fulfil the function. Knowledge of functions, as well as knowledge of the relationship between function and construction, thus have evaluative elements.
Although there is limited access to research on pupils' understanding of technical solutions (Frederik, Sonneveld & de Vries 2011) , results indicate that it involves certain difficulties. Two case studies by Compton & Compton (2011) showed that the fitness for purpose and the link between constructional and functional attributes was difficult for pupils to understand, both in primary and secondary education. Oboho & Bolton (1991) studied how 50 pupils in the 11-16-age range judged whether a designed artefact was a "good" or "bad" design. The younger pupils tended to respond more in terms of function than construction, stating what they could do with artefacts in a concrete operational way. The pupils' judgements of artefacts became increasingly oriented towards constructional terms with increasing pupil age.
Little has been written on teaching strategies for product judgment and the development of evaluative skills (McLaren 1997) . Cajas (2001) highlights the need for research on how young children learn about the functional properties of materials, stating that young children have problems in distinguishing the properties of the objects from the properties of the material that made the object. A contribution to the field is a study by Chatoney (2008) , observing pupils aged 6-7, and their development of knowledge about materials during activities to do with designing and making a toy. The analysis was based on the relationships between material and object, and teacher-pupil interactions. The results show that knowledge about materials has a central position in this kind of activity. The knowledge is introduced at the beginning of the activity as soon as the functions are defined, and it is viable throughout the entire process.
In summary, the capability of evaluating technical solutions concerning fitness for purpose seems to involve certain difficulties such as linking the function and construction. In order to develop teaching strategies that promote pupils' learning, it is necessary to explore the meaning of this specific knowing. The purpose of this study is to explore what it means to be able to evaluate the fitness for purpose of technical solutions within primary technology education. The study is conducted as a learning study, focusing on what is critical for pupils' learning in relation to this specific knowing, and how teaching can enhance pupils' learning. The learning study and its theoretical framework of phenomenography and variation theory will be presented in the next two sections of the paper.
Learning study
In a learning study, focus is on a particular object of learning, i.e. something which the pupils are supposed to learn, and on the related teaching-learning process as it is practiced in the classroom. The model has a collaborative approach, where a group of teachers, usually together with a researcher, try to improve teaching and learning in relation to the specific object of learning. What is critical for learning something specific is explored through a systematic and iterative process (see e.g. Marton & Pang 2006 ).
According to Marton & Pang (2006) learning study can be considered as a development of the Japanese lesson study (for an overview of lesson study see for example Fernandez, Cannon & Chokshi 2003; Lewis 2000) or as a hybrid of a design experiment (e.g. Brown 1992 ) and a lesson study, as teachers and researchers together develop the object of learning, and the research lessons are based upon a theoretical framework of learning.
A learning study is a cyclic process of planning and revision, as shown in Fig1. Starting with choosing an object of learning, the next step is to design a pre-test. The pre-test and the following steps describe a so-called cycle carried out with a teacher and a group of pupils. The next cycle is carried out in another group of pupils and with another teacher, etc. In each cycle the lesson is analysed and evaluated in relation to the object of learning and the lesson is revised. By working iteratively on planning, evaluating and revising a lesson dealing with the object of learning, knowledge is produced about teaching and pupils' learning in relation to this content, as well as content knowledge itself. Throughout the cyclic process student knowing and learning is analysed by means of phenomenography and variation theory. This theoretical framework will be presented in the following section.
Phenomenography and variation theory
Phenomenography is a qualitative research approach (Marton 1981) grounded in a nondualistic ontological position, depicting experience as an internal relationship between the individual and the world. A basic assumption is that people perceive, understand or experience a particular phenomenon in the world in a limited number of qualitatively different ways. Some ways of experiencing something are considered more powerful than others because of differences in discernment. The result in a phenomenographic study is an outcome space of categories describing the qualitatively different ways of experiencing the phenomenon. These categories are logically related to each other and usually formed as a hierarchical structure of increasing complexity.
A certain way of experiencing something, i.e. a way of seeing, understanding or apprehending something, is a way of being aware of it. Awareness can be characterized in terms of a differentiated figure-ground structure (Marton & Booth 1997 background, being implicit and unthematized. Experiencing something in a certain way can be characterized by its referential and structural aspects (Marton & Booth 1997; Marton & Pong 2005) . The referential aspect represents the particular meaning of the object, while the structural aspect of the experience is the way of delimiting the object from and relating it to a context (the "external horizon"), and delimiting component parts of the object and relating them to each other and to the whole (the "internal horizon"). The referential and structural aspects are mutually intertwined; a change in the structural aspect of the experience corresponds to a change in its referential aspect.
A particular way of experiencing something can be understood in terms of discerned aspects, and the relations between them that are simultaneously present in the focal awareness (Marton & Booth 1997) . These aspects correspond to dimensions of variation, i.e. the things we observe in a specific situation we tacitly experience as values in these dimensions. Variation in the experienced aspects can be used to describe any particular way of experiencing a phenomenon, as well as the differences between ways of experiencing something (Pang 2003) . The link between phenomenography and its further development, the variation theory, can be seen by focusing on the structural aspect of a conception (Marton & Pong 2005; Pang 2003 ).
According to variation theory, learning is seen as a change in the learners' ability to discern certain aspects of the phenomenon (Marton & Tsui 2004) . From this follows that, in order to make learning possible, these aspects must be made possible to discern. In order to discern them, one must experience these aspects as dimensions of variation, i.e. a difference in the value of the aspect. For example, one would not be able to discern the aspect of gender if there were only one gender in the world (Pang 2003) . The aspects are named 'critical aspects' as long as the learner does not discern the aspects that must be discerned in order to master the object of learning. The critical aspects are thus related to the specific object of learning, and to the pupils' experiences of the object of learning. Consequently, the aspects that are critical for pupils' learning must, at least partially, be found empirically.
Methodology -A learning study concerning evaluation of technical solutions
The learning study setting Primary technology education in Sweden is part of the national technology curriculum for compulsory school (National Agency for Education, Sweden 2011). In contrast to the former curriculum document of 1994, this new curriculum describes particular core content of technology education, specified for grades 1-3, 4-6 and 7-9. In primary education, the subject of technology is often taught by general primary school teachers, who have the responsibility for the teaching of all subjects except for music, sloyd 1 and physical education.
The learning study reported here was conducted in collaboration with a group of four teachers in a Swedish public primary school over a period of six months. The teachers' levels of experience of working as a teacher ranged from 3 to 35 years. All teachers had some experience of technology teaching, varying from a few lessons within a fixed national technology program to conducting their own comprehensive technology projects each semester for several years. The extent of teachers' training in technology education ranged from none at all to studies corresponding to one term full-time study. Two classes in grades 1 and 2 (pupils aged 7-8 years) participated in the study. There were 23 pupils (grade 1) and 26 pupils (grade 2) in the participating classes. None of the classes had experienced any previous explicit technology teaching during their schooling.
Participation in the study was voluntary and informed. Since underage students were involved, their guardians' informed consent was acquired. Specific attention was paid to data collection by video recording related to participants. Data related to participants has been treated with anonymity and confidentiality, which means that all names involved have been made anonymous in the transcription and in all subsequent handling of the research material.
Possible objects of learning were discussed during an initial teacher-researcher meeting. Based on one of the teachers' experiences regarding pupils' difficulties in evaluating their own solutions within problem-solving activities, the teacher-researcher group agreed to choose the object of learning "to evaluate technical solutions in terms of fitness for purpose". In order to further delimit the object of learning, the opening-closing function was selected. In discussing the pupils' presumed understanding of this content, one of the teachers brought up the idea of needing a handle to open a door or a window. Taking this idea into consideration and having a desire to find as many ways of experiencing this specific content as possible, we designed the pre-test.
The pre-test
The pre-test was carried out in the form of interviews with all pupils in pairs, except for two pupils who were interviewed individually. Pairwise interviews were chosen because of the young pupils' age, the intention being to create a confident and enjoyable interview situation, and in that way obtain richer empiric material. The semi-structured interviews were conducted during school time in a separate room close to the classroom, and lasted for about 10 minutes. During the interviews, some everyday objects representing a variation of technical solutions for opening/closing were discussed, such as zippers of different sizes and models, juice bottles with screw caps, a matchbox, hinges of different types and sizes, and a tube for storage of aspirin. The objects were placed on the table in front of the pupils and they were encouraged to investigate the different opening and closing devices. In addition, a picture of an opened window was discussed in order to further illustrate the relation between hinges and their function. The interview questions focused on the evaluation of the objects' opening and closing function in terms of fitness for purpose. The pupils were asked to evaluate the technical solutions and to argue to support their views.
The interviews with pupils in grade 1 were designed in a slightly different way to the initial interviews in grade 2, based on the analysis of the first interviews. These minor changes of the questions were made to focus more clearly on the physical aspects of the technical solutions.
In this way the entire interview material became richer, since the phenomenon was highlighted from several perspectives.
The interview questions to the pupils included, but were not restricted to: The research lessons The analysis of the pre-test resulted in qualitatively different categories of experiencing the fitness for purpose of technical solutions concerning opening-closing, and based on the difference between these categories, critical aspects were identified. These critical aspects formed the starting point when planning the lessons. The variation theory was used as a tool when planning, opening up dimensions of variation, in order to make the intended learning possible. This means that the lesson design focused on certain features such as the variations among users and materials etc. All lessons included a classroom discussion and a problemsolving task given to pupil pairs. In order to focus on the significance of the construction for fulfilling the function, different kinds of technical solutions having an opening/closing function, such as zippers, hinges, and screw caps, were compared and examined during the lessons. Different types of materials, such as plastic, metal, wood, fabric, glass and cardboard, and their areas of use and properties were also emphasized in the first two lessons. Materials were chosen since this was the primary feature mentioned by pupils' when talking about aspects of the construction in the pre-test, and thus they could be considered as an appropriate link between the user and constructor contexts. Different types of technical solutions with opening and closing functions of bottles and boxes were examined in terms of aspects of the construction. Key components of a bottle's screw cap mechanism were discussed, and hinges of different types of objects and of different materials were compared. The orientation of pupils' problem-solving task changed through the study from designing and making objects from the perspective of different types of users and their needs and situations, to taking the starting point from the pupils' own experience and familiar situations. In concrete terms, in the last two lessons pupils designed and made appropriate opening-closing solutions for boxes and bottles intended for a picnic. Thus, secondary functions such as preventing leakage, durability, and easy handling varied and were related to different possible technical solutions. Each lesson took place in half a class (11-13 pupils) with one of the participating teachers.
After the lesson had been conducted, it was preliminarily analysed by the researcher, and not by the teachers and researcher together, due to time constraints. At the subsequent teachersresearcher meeting, the analysis was discussed, and based on this discussion changes in the lesson design were proposed. Thereafter, three additional cycles of lesson planning, teaching and revising the lesson were conducted.
Data generation and analysis
Data was generated by audio recording of a total of six teacher-researcher sessions, each of which was approximately two hours long. All pre-test interviews were documented by audio and video recording separately. Each of the four lessons was audio-recorded and videorecorded by two separate video cameras, and lasted for approximately 60 minutes. Texts, drawings and models produced by pupils during the lessons were collected or documented photographically.
All generated data was transcribed, and in addition to verbal communication bodily expressions were documented. The interview material was analysed using phenomenographic analysis, which focused on pupils' ways of experiencing or understanding the phenomenon 'the fitness for purpose of technical solutions'. The different ways of experiencing the phenomenon became visible by reading the data material many times. The analysis of the pretest resulted in four qualitatively different categories, each describing a particular way of experiencing the fitness for purpose of technical solutions. The different ways of experiencing the phenomenon were analysed in terms of structural aspects, focusing on the aspects of the phenomenon that were brought to the forefront of attention. The differences between the structural aspects discerned were understood in terms of critical aspects and dimensions of variation (cf. Pang 2003), i.e. these aspects were critical for pupils to discern in order to develop a more complex understanding. The discerned aspects of the phenomenon were thus seen as corresponding to a particular way of experiencing the phenomenon as well as for differences between ways of experiencing the phenomenon. This way of characterizing 'experiencing' indicates a new orientation in phenomenography, according to Pang (2003) and Runesson (2006) . The lessons were analysed using variation theory as an analytical tool. The analysis of the lessons focused on identifying aspects that were critical for pupils' learning and how the pupils came to discern these aspects of the object of learning opened up in the learning situation.
Findings
This article describes a study aiming to investigate what it means to be able to evaluate technical solutions concerning opening-closing in terms of fitness for purpose. Here I present the aspects that were identified and how these emerged during the research process in relation to pupils' understandings of the phenomenon. First, I describe which qualitatively different categories emerged from the analysis of the pre-test and the critical aspects identified. Then, through an analysis of the conducted research lessons, I show how additional aspects critical for learning appeared.
Pre-test
Through the phenomenographic analysis of the pre-test, four qualitatively different categories emerged for describing pupils' experience of technical solutions' fitness for purpose. These were: (a) effectiveness for me, (b) effectiveness for others, (c) construction dependency, and (d) technical efficiency. The categories are logically related to each other in that the lower levels are included in the higher levels, of which category (a) is the least complex level, describing the less developed way of experiencing. The four categories describe ways of experiencing the fitness for purpose of technical solutions. They are discussed in more detail below.
A. Effectiveness for me In this category, focus is on the subject's own use of different technical solutions. A technical solution that achieves a particular desired function well is appropriate. The appropriateness is usually linked to different functions that make everyday life easier. Besides the main function opening-closing, other functions such as handling, storage and aesthetic aspects are considered.
Interviewer: Is there anything not so good with opening the matchbox in that way? Eric: Not really /../ it is great, it is very easy to open.

Anna: And very easy to close.
In focusing on one's own use, the technical solution is taken for granted. The pupils do not reflect on any aspects of the object's construction. This type of understanding was very common among pupils. In the next example, Steve tries to open a tube designed for storage of aspirin.
Interviewer: What do you think of opening and closing the tube? You will get to examine how you open and close it.
Steve: Eehuu (tries to pull the cork out of the tube) it's very hard.
Interviewer: Is there anything that is good about opening and closing like that?
Steve: It's bad, it's just bad /../ Because one must use the teeth with this (takes the tube from the pupil Ella) Aahm aahm (grabs the cork with the fingers and then uses his teeth).
Here we see that the understanding relates to implicit previous experiences of opening things in an easier way.
B. Effectiveness for others
In this category, pupils distinguish a technical solution's purpose that is more extensive and complex. The purpose could, for example, be related to different types of users who have specific needs. Young children, the elderly, sick and weak people represent different categories of users with specific needs, requiring different specific functions. In the excerpt above, Agnes discerns different users by comparing users such as young children and weak people whose needs and situations are related to different functions.
Interviewer: Is it a good or a bad way to open and close it like that
C. Construction dependency
The fitness for purpose is based on one or several aspects of the objects' construction, such as material, form and components, and how they help to realize the function. For example, an opening and closing device for a liquid has to prevent leakage, which poses special constructional requirements. One or several of these aspects are seen as crucial to fulfil the desired function. The technical solution is often illustrated by showing a bodily movement, e.g. a screwing or a lifting gesture, or by naming the activity such as 'screwing', 'lifting' or 'pushing'. This is exemplified in the following excerpt. 
Interviewer: If you think of the designers of these things, why did they decide to open and close the things in this way
Sam: It is so easy to press out (pushes the drawer out of the box).
David: It is not tight, it is made of a material that is not waterproof.
Sam: Which is cardboard.
David: It would run straight through like this (showing with hands).
In the extract above David first discerns the functions opening/closing and prevention of leakage. Sam then describes how the form contributes to fulfil the function of preventing leakage and relates to different materials. When talking about plastic and cardboard they also relate to the functional properties of the different materials.
D. Technical efficiency
In this category, different common technical solutions are identified and compared in terms of how efficiently they realize specific functions. In the following example different solutions for opening and closing a bottle is discussed.
Interviewer: The opening device of the bottle, is there anything that is not good? Josephine: Mm, sometimes it's a bit hard to open.
Robert: Yes when it's new so it is (inaudible) (pause) or rather, I think you can have just as a lid and open like this (shows with hands) it would be a bit easier.
Interviewer 
Robert: Otherwise, you just do like this (demonstrates with a lifting movement).
In this excerpt Josephine first identifies the problem of opening bottles, and Robert suggests a different solution than the screw cap, a hinged lid. Josephine then proposes another solution, a different type of lid, and the pupils discuss this lid that you remove by lifting. Common technical solutions such as screws and hinges are thus identified in different types of bottles.
Extracts in this category indicate a more complex understanding of key components and how they interact to realize the function. The technical solution is identified, although it may appear in different ways, for example, different sizes and materials. In the extract below, Tom investigates different types of hinges. The pupil Tom discerns the hinge in the video camera and can make comparisons with hinges in other types of objects, like windows and doors.
Tom: This is a very big hinge (takes the biggest hinge) to a door, this is a size for doors
Critical aspects identified
The analysis of the interviews resulted in four qualitatively different ways of experiencing the fitness for purpose of technical solutions, as outlined in the previous section. The categories of descriptions reflect the differences in structure and organization of awareness. Certain aspects are in the foreground of attention, and are thus discerned. In order to be able to discern a certain aspect, one has to experience it as a dimension of variation. This reasoning will be elaborated on further in the text below, describing the categories and their structural aspects. The analysis of the categories' structural aspects is summarized in Table 1 .
In category A, the focus of attention is on pupils' using and the fulfilling their own desired functions, exclusively. In addition to the main function of opening/closing, pupils discern a variation of functions, such as easy handling, durability and storage, and relate these to the fitness for purpose. In order to evaluate the fitness for purpose of the technical solution, it is critical to identify the main intended function, in this case the opening and closing. The fulfilling of additional functions familiar to pupils and based on their own use is also critical when evaluating the corresponding fitness for purpose. The aspects of functions and needs are dimensions of variation, and are necessary to discern in order to experience the phenomenon in the way described in category A.
In category B, the attention is on using, but with reference to a broader context of users. A variety of users and their specific needs and the related functional requirements are taken into consideration when evaluating the fitness for purpose. The aspects of user and functional requirements are dimensions of variation and thus aspects that are necessary to discern in order to experience the fitness for purpose in the way described in category B.
Category C describes an understanding of fitness for purpose as technical efficiency, with the focus on various aspects of the construction, i.e. the physical attributes. The aspects discerned are different materials, forms and components in relation to the functional requirements.
Finally, for category D, the attention is on the complete technical solution, including the interaction between key components. Different common technical solutions are compared and evaluated in terms of fitness for purpose. The aspect of technical solution in relation to functional requirements is a dimension of variation and thus considered as an aspect necessary to discern. Table 1 . Analysis of the categories in terms of structural aspects.
The differences between structural aspects of the different ways of experiencing the phenomenon can be considered as critical aspects necessary to discern in order to reach a more complex understanding. Consequently the critical aspects can be summarised in the following way: (1) specific needs or situations and related functions, (2) material, form or components linked to functional requirements, and (3) common technical solutions and the interaction between key components of the construction linked to functional requirements.
Research lessons
Through the analysis of the lessons, two additional aspects were identified that were critical for pupils' learning. These aspects have emerged empirically from the teaching learning process based on how pupils' experiencing of the object of learning was articulated in the classroom. These aspects were not identified in the pre-test, but through a systematic inquiry the researcher-teacher group successively became aware of aspects assumed necessary for pupils to discern in order to learn what was aimed at. Thus, the teacher-researcher group's collective understanding of the meaning of the object of learning was gradually developed. The analysis of the lessons suggests the following additional aspects: (1) materials separated from objects, and (2) main function and secondary functions related to corresponding key components. These 'new' aspects are linked to the initial four aspects in the way that they concern materials, key components and functions, and can be seen as complementary to these. The first two lessons partly focused on different types of materials, and their areas of use and properties. This content was chosen since the researcher-teacher team considered it an appropriate link between the user and engineering context. The classroom discussion aimed to illustrate how different materials and their functional properties contribute to fulfilling the function and the fitness for purpose of technical solutions. In the following excerpt, the class talks about the material glass. The discussion gives the pupils opportunities to discern a variety of objects made of glass, for example car windows and jars. When Sarah is mentioning glass, it looks like she comes up with something according to her bodily expression and verbal accentuation that contributes to the discussion. She comes to discern the different meanings of the concept of glass, both as an object and as a material. The teacher then responds to Sarah by clarifying the aspect of varied meanings, and in that way she opens up the class to discerning the variation of meanings of glass.
1.Materials separated from objects
In the next example, the class talks about the material cardboard, and the learning situation is opened up to discerning aspects related to objects, materials and functional properties. In this excerpt, the pupils express different understandings of cardboard. The initial part of the discussion is about cardboard as different types of boxes; however, as the classroom discussion proceeds, the teacher gives the pupils the opportunity to discern a variation of possible meanings of cardboard. The comments by the pupil Ralf give pupils opportunities to experience the varying appearances of 'packaging'. Additionally, Oscar contributes to the collective knowledge production in the class through his comment on the appropriateness of different materials from the user's view, based on the functional properties of the materials, when comparing boxes made of wood and cardboard.
Discerning the material as separate from objects made of the material can be considered critical for the understanding of a material's significance, for realizing a function, and for judging the fitness for purpose of a technical solution. Moreover, discerning the specific material and its properties is necessary for this understanding. The aspect of the variation of meanings of materials, in this case glass and cardboard, seems to be critical for at least some of the pupils in this study. Thus, the aspect 'materials separated from objects' is identified as a critical aspect.
Main and secondary functions related to corresponding key components
During the lessons, different opening and closing devices related to different types of objects were discussed and investigated. In the following example a glass jar with a hinged lid is discussed. 
Teacher
Teacher: It perhaps locks the jar. It opens and closes like this (shows how the lid opens and closes with the hinge). And this one locks (shows the locking device). OK.
Different parts of the jar and their functions are examined through the collective discussion. The pupils talk about the closing and locking functions and their corresponding parts of the construction in different ways. In this context, the opening-closing function is considered as the main function, and the locking-unlocking function as a secondary function. To separate the locking from the closing function, the teacher focuses on the parts linked to the different functions. The pupil Marcus is distinguishing between the closing and locking functions, and the teacher responds by showing the different parts and their corresponding functions. The pupils thus have opportunities to simultaneously discern the closing and locking function linked to different parts of the jar. In the discussion, additional parts of the jar are examined and more functions come up. Alternative functions of the rubber ring around the jar opening are mentioned, such as protection and tightening. A further dimension of the physical aspect linked to the opening and closing functions is highlighted in the example. The pupils talk about weird hinges looking like hooks. The pupils are given the opportunity to discern a hinge, a common technical solution used for opening and closing, and compare it to other hinges they have seen before. In this way, they may get the opportunity to experience an additional variation of types of hinges.
In order to evaluate the fitness for purpose of technical solutions, it is necessary to distinguish between main and secondary functions and to relate these to the corresponding key components. These aspects seemed to be critical for some of the pupils' understanding of the fitness for purpose of technical solutions.
The critical aspects found from the pre-test and additional aspects identified in the research lessons summarize how far the teacher-researcher group's collective understanding of the meaning of the object of learning was developed. It is important to consider that the critical aspects identified in the pre-test are based on the analysis of interviews and the entire group of the pupils. In contrast, the additional aspects considered as necessary to discern emerged from classroom discussions with a smaller group of pupils in a specific learning situation. However, these additional aspects could be considered as a complement to the initially identified critical aspects, and in that way, as a contribution to the understanding of the meaning of the object of learning.
Discussion
In this study some critical aspects of the object of learning to evaluate the fitness for purpose of technical solutions for opening and closing were identified through the learning study process. These aspects are considered necessary to discern in order to develop this specific knowing. By identifying these aspects, the teacher-researcher group's collective understanding of the meaning of the object of learning was developed and specified.
The findings show the variety and increasing complexity of young pupils' experience of the fitness for purpose of technical solutions, from focusing on the user's perspective and their own use related to familiar functions, to taking the engineering perspective by considering a common technical solution with its interacting components in relation to functional requirements. The identified critical aspects of the object of learning describe what pupils must discern in order to be able to evaluate technical solutions in more complex ways. These aspects are in line with pupils' difficulties concerning the linking function and construction reported by Compton & Compton (2011) and Oboho & Bolton (1991) , but the critical aspects identified in this study offer a more detailed and complex understanding of this specific knowing and what it takes to learn it. I argue that the words 'construction' and 'function' are powerful, directing the focus onto the main aspects, when analysing a technical object or system, and thus offer general basic concepts for the technology education context. The critical aspect of the role of materials in fulfilling the functional requirements was not elaborated enough when analysing the pre-test. Through the iterative design of the study, opportunities arose for further elaboration of this aspect. In this way, an additional aspect emerged, concerning materials as distinct from objects. This aspect could be understood in relation to Cajas' (2001) findings concerning young pupils' distinguishing between properties of materials and properties of objects. In a similar way, the aspect of main and secondary functions related to corresponding key components emerged, contributing to the collective knowledge developed by the group of researcher and teachers.
I have seen that teachers and pupils together construct what it is possible to experience during lessons. A variation of answers and examples mentioned by the teacher and pupils could lead to a deeper and more complex understanding of what is to be learned. However, even if it is made possible for a critical aspect to be experienced in a lesson, that does not imply that all pupils learn. The collective discussions thus seem to be vital in making 7-8 year-old pupils aware of materials and functions and how to evaluate technical solutions. Giving pupils opportunities to experience the critical aspects through discussions allows them to explore technical solutions in terms of materials, components, and main and secondary functions from the engineering viewpoint as well as from the user perspective. Compton & Compton (2011) suggest the content needs to be introduced across more than one level and broken down into smaller ideas, in order to enable pupils to learn about the fitness for purpose of different technical solutions. An alternative way of interpreting pupils' understandings and how to enable learning is in terms of the critical aspects that must be discerned, and to systematically design teaching that gives pupils opportunities to experience variation through classroom discussions and design activities that are linked to pupils' real problems and needs.
